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Abstract The aim of this study is to eveluate levels of
advanced oxidation protein products (AOPP) which are
thought to increase in the polyp tissue and superoxide
dismutase (SOD), an antioxidant enzyme, with using
specthrophotometry in polyp tissue and healthy mucosa. 30
nasal polyp patients without inflammatory disease except
for nasal polyposis were included in the study. The control
group consisted of 18 patients who did not have allergy,
asthma, inflammatory and granulomatous disease and
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planned surgery due to septum deviation and concha
hypertrophy. AOPP and SOD tissue levels were measured
by spectrophotometry in polyp tissue specimens taken from
patients with nasal polyps and concha samples taken from
patients in the control group. The mean AOPP tissue level
of patients in the nasal polyposis group was statistically
significantly higher than the control group. (p < 0.05). The
mean SOD activity level was significantly lower in the
nasal polyposis group than the control group. (p < 0.05) As
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a result of this study, high AOPP levels in polyp tissue and
low SOD levels in polyp tissue compared to healthy nasal
mucosa, oxidative stress plays an important role in nasal
polyp development.

Keywords Advanced oxidation protein products -
Nasal polyposis - Oxidative stress - Superoxide -
Dismutase

Introduction

Nasal polyposis (NP), which incidence varies among dif-
ferent societies between 1-4% and causes a decrease in
quality of life (QoL) and economical burden due to its
relatively high incidence, is a disease characterized by the
inflammation of nasal cavity and paranasal sinus
mucosa[l, 2]. The etiopathogenesis of nasal polyposis has
not been fully clarified, because genetic background,
immunologic factors and anatomic differences are involved
in its development, and the etiology of nasal polyposis is
multifactorial. The main factors in the formation of polyps
are edema and inflammation. Mucosal damage resulting
from different factors that cause inflammation sets the
ground for the development of polyps [3].

Unpaired single electron parts in molecular structures
are called free radicals or reactive oxygen particles (ROP).
Although free radicals are needed for the functioning of
especially neutrophils and macrophages that are among the
immune system cells, excess production of free radicals
leads to tissue damage [4]. The increase of reactive oxygen
molecules up to a certain level is balanced with antioxidant
systems in the organism [4]. If this balance is impaired, the
resulting oxidative stress disrupts the organelles in cells
and the structure of the cell membrane, organic respiration
in mitochondria and electrolyte balance, beginning to
damage the organism [5].

Although the main source of reactive oxygen particles
(ROPs) is aerobic respiration, polymorphonuclear leuko-
cytes can also produce ROP as part of inflammatory
response. Molecules such as nitric oxide (NO), hydroxyl
radical (OH™), superoxide anion (O, ) and hydrogen per-
oxide (H,O,) are the most prominent molecules in oxida-
tive stress. The potential role of oxidative stress has been
proven in the development of many chronic diseases
including asthma, allergy, chronic tonsillitis, and ulcerative
colitis [6, 7]. The effects of free oxygen radicals in the
body are struggled to be balanced by various enzymatic
and non-enzymatic mechanisms [8]. Superoxide dismutase
(SOD), catalase and glutathione peroxidase are the most
important enzymes that provide this balance [9]. Super-
oxide dismutase converts superoxide anion (O, ) to

hydrogen peroxide (H,O,) and has an important role in
balancing oxidative stress [10].

Advanced oxidation protein products (AOPP) are sen-
sitive markers of oxidative stress, involved in cellular
functions and act like inflammatory mediators [11]. AOPPs
are dityrosine containing cross-linked protein products and
were described for the first time by Witko-Sarsat et al. in
the plasma of chronic uremic patients in 1996 [12]. AOPPs
have been shown to activate mononuclear phagocytes,
acting as a mediator providing the connection between
monocytes and neutrophils [11]. Protein oxidation products
are more stable compared to lipid oxidation products,
making them AOPP a better marker in determining
oxidative stress [13, 14].

Oxidative stress, which physiopathology has not yet
been fully understood and which has been demonstrated in
the different studies to increase in the development of nasal
polyposis [10, 15], is of importance in order to understand
the development of the disease. The objective of this study
is to evaluate tissue levels of SOD, which is an important
enzyme in balancing oxidative stress, and AOPP which to
our knowledge has not been studied in polyps tissue so far,
in polyps and healthy nasal mucosa.

Methods

A total of 30 patients who presented to the otolaryngology
clinic of XXX University Faculty of Medicine between
December 2016 and May 2017, and diagnosed with chronic
rhinosinusitis with nasal polyps (CRSwNP) through
anamnesis, anterior rhinoscopy, endoscopic examination
and paranasal sinus computed tomography (CT) based on
the “European Position Paper on Rhinosinusitis and Nasal
Polyps” [1] criteria included in the study. The study
included patients with bilateral nasal polyposis who did not
receive systemic or local treatment for at least 4 weeks and
were scheduled for surgery. Samples were taken from the
patients with nasal polyposis during the surgery. The
control group consisted of 18 patients who had no addi-
tional disease, chronic sinusitis and allergy, and who
underwent partial turbinectomy due to concha hypertrophy
concurrent with septoplasty operation. Turbinate samples
were collected from these patients during the operation.
The study was conducted according to the Declaration of
Helsinki, and approved by the ethics committee of our
faculty. All patients were informed in advance and consent
forms were obtained.

Patients were questioned for allergy, inflammatory and
granulomatous diseases, diabetes mellitus, malignancy, and
cystic fibrosis, and those with the specified diseases were
excluded from the study. Patients with unilateral nasal
polyps, those who used topical or systemic steroids within
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the last month and patient upper respiratory tract infection
within the last two weeks were also excluded. There were
no smokers in the patient and control groups. Patients
underwent endoscopic examination at the time of the
diagnosis, the staging of polyps was made as described by
Rasp et al. [16, 17]. Endoscopic staging of the nasal polyps
used in the study is shown in Table 1. Whereas, Lund-
Mackay staging system was used for paranasal sinus CT
staging in the patients with nasal polyposis. Score evalu-
ation of the severity of NP related symptoms was made
with Visual Analog Scale (VAS).

Nasal polyp tissues and samples in the control group
were stored at -85 °C until biochemical analyzes. Bio-
chemical measurements were performed in the research
laboratories of our hospital, Department of Medical Bio-
chemistry. All reagents and chemicals used in the analyzes
were of analytical grade. Spectrophotometric measure-
ments were made using Libra S70 instrument (Biochrom
Ltd, Cambridge, England). Tissue protein levels were
estimated by Lowry method [18].

The levels of superoxide dismutase (SOD) activity in
tissues were estimated with the method described by Sun
et al. [19]. According to the method, in the reaction cat-
alyzed by the xanthine oxidase enzyme (XO), xanthine
produces superoxide radicals (O,7). Then, the formed
superoxide radicals react with nitroblue tetrazolium (NBT)
to form a colored complex. On the other hand, SOD inhi-
bits the latter reaction by catalyzing the destruction of
superoxide radicals. The more SOD activity in the reaction
medium, the less colored complex will be formed, resulting
in lower absorbance values measured by spectrophotome-
ter. The SOD activity in nasal polyp tissues were estimated
by the degree of inhibition of this reaction, at 560 nm
wavelength. One unit (1U) of SOD activity was defined as
the amount of enzyme causing 50% inhibition of the NBT
reduction rate. The results obtained by measuring SOD
activity were divided into the amount of tissue protein and
expressed as unit per mg protein (U/mg protein).

AQPP levels in tissues were measured by spectropho-
tometric method determined by Witko-Sarsat et al. and
Cakatay et al. [12, 20]. In order to determine AOPP levels,

Table 1 Polyp grading system

triiodide ion formation through the oxidation of potassium
iodide (KI) with chloramine-T was used. The results were
expressed as nmol/mg protein.

Data obtained in this study were statistically evaluated
using IBM SPSS Statistics 23.0 (Statistical Package for
Social Sciences, SPSS Inc. Chicago, IL, United States)
software. In addition to descriptive statistics (mean, med-
ian, percentage distribution), Mann—Whitney U test was
used in the evaluation of the numeric variables, while
Spearman’s correlation analysis was utilized to evaluate
the correlations. p < 0.05 values were considered statisti-
cally significant.

Results

Nineteen (63.3%) patients were male and 11 (36.7%) were
female in the nasal polyposis group, while 10 (55.6%)
patients were male and 8 (44.4%) patients were female in
the control group. The mean age was found as
44.6 + 12.57 years in the patient group and
39.29 £ 6.87 years in the control group. When both
groups were evaluated in terms of age and gender, there
was no statistically significant difference between them.

The mean VAS score was found as 8.6. When com-
plaints of the patients were questioned; the most common
complaint was nasal congestion (96.6%) followed by smell
disorder (80%). In the NP group, the mean Lund — Mackay
staging score was found as 18.67 & 2.32. When endoscopy
scores of the patients with nasal polyposis were evaluated;
the mean score was 2.70 £ 0.82.

The mean AOPP tissue level was found as
4.22 4+ 2.19 nmol/mg protein and the median value as
3.68 nmol/mg protein in the patients with nasal polyposis,
while these values were respectively found as
3.11 £ 1.41 nmol/mg protein and 2.72 nmol/mg protein as
seen in Fig. 1 and Table 2. The difference between the two
groups was statistically significant (p < 0.05). The mean
SOD tissue level was found as 41.6 £ 31.12 U/mg protein
and the median value as 31.6 U/mg protein in the patients
with nasal polyposis, while these values were respectively

Grade

0 No visible NPs;

1 Small amount of polypoid disease confined within the middle meatus;

2 Multiple polyps occupying the middle meatus:

3 Polyps extending beyond the middle meatus, within the sphenoethmoid recess but not totally obstructing, or both;
4 Polyps completely obstructing the nasal cavity;

NP Nasal polyp
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Fig. 1 Distribution of AOPP
tissue levels of the groups
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Table 2 AOPP and SOD values between the nasal polyp and control groups
NP Group Control Group p value
Mean Median Mean Median
SOD 41.6 £+ 31.12 31.6 62.75 + 32.31 54.63 0.008
AOPP 422 +£2.19 3.68 3.11 £ 141 2.72 0.017

p < 0.05 was accepted as significant, AOPP Advanced oxidation protein products, SOD superoxide dismutase

found as 62.75 4+ 32.31 U/mg and 54.63 U/mg in the
control group as shown in Fig. 2 and Table 2. The differ-
ence between the two groups was statistically significant
(p < 0.05).

No correlation was observed between endoscopy scores,
and the levels of AOPP and SOD in the patients. Similarly,
there was no significant correlation between VAS scores,
and the levels of AOPP and SOD (Table 3). Whereas no
significant correlation was found between the Lund-—
Mackay scores and AOPP levels of the patients, a low-to-
moderate correlation was observed between the Lund-
Mackay scores and SOD levels (p < 0.05).

Discussion

In our study, we observed that the mean AOPP tissue level
was statistically significantly higher in the nasal polyposis
group compared to the control group. It has been shown
that AOPP is the major uremic toxin in chronic renal

failure and is associated with systemic diseases such as
Type 2 diabetes mellitus and atherosclerosis [11, 21, 22]. In
their study, Bochi et al. [23] demonstrated in an experi-
mental in vitro environment that AOPP is formed after
hypochlorous acid (HOCI)™ released by neutrophils inter-
acts with collagen. In the same study, the authors found
that apoptosis increased with the presence of collagens
transformed into AOPP in the environment, the number of
viable cells decreased, and these effects of AOPP could be
prevented by alpha-tocopherol (vitamin E). On the other
hand, in their study on patients with metabolic syndrome
Venturini et al. [24] showed that AOPP was more associ-
ated with metabolic syndrome components such as waist
circumference and insulin resistance compared to lipid
peroxidation products.

Besides its association with systemic diseases, serum
level of AOPP increases also in local diseases, similar to
lipid peroxidation products. Aksoy et al. [25], in their study
evaluating the serum AOPP levels of patients with allergic
rhinitis, found that serum AOPP values were higher in the
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Fig. 2 Distribution of SOD
activity levels of the groups
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Table 3 Correlations between AOPP and SOD levels, and VAS, endoscopic stage and Lund-Mackay scores
Lund-Mackay Endoskopic score VAS
AOPP > 0.05 > 0.05 > 0.05
SOD < 0.05 (r:0.389) > 0.05 > 0.05

p < 0.05 was accepted as significant, r correlation coefficient, VAS visuel analog scale

patient group compared to the controls. Veyseller et al. [26]
measured serum levels of AOPP in patients with nasal
polyposis and those undergone septoplasty, and found
statistically significantly higher serum AOPP levels in the
NP group. Although a correlation was observed between
free radical levels and polyps stage in different previous
studies [27, 28], in our study no correlation was found
between AOPP and Lund-Mackay scores and endoscopic
stages.

In the present study, SOD activity level was significantly
lower in the nasal polyposis group compared to the control
group. High levels of superoxide dismutase, which is an
antioxidant enzyme converting superoxide anion (O,") to
hydrogen peroxide, in the control tissue indicates that
oxidative stress-antioxidant defense balance that is needed
for normal physiology was impaired.

Studies have reported lower levels of antioxidants such
as SOD, selenium, zinc, retinol and higher levels of oxi-
dants such as malondialdehyde (MDA) and eosinophilic
cationic protein (ECP) in the nasal polyps tissue compared
to the healthy tissue [9, 10, 27, 29, 30]. Topal et al. [27]
have found that NO level was negatively correlated with

@ Springer

nasal congestion, total antioxidant status (TAS) was cor-
related with nasal congestion, and ECP level was correlated
with nasal congestion and rhinorrhea in the patients with
nasal polyps.

Recurrence rates are still high in nasal polyposis despite
maximum surgical and medical treatment combinations. It
is important to resolve the relationship between oxidative
stress and nasal polyps, which has been shown in different
studies to be effective in the development of nasal poly-
posis, but the physiopathology is not fully understood, in
order to overcome the difficulties encountered in the
treatment of the disease. Lawrance et al. [15] demonstrated
that SOD can be used as local antioxidant therapy in
inflammation caused by Aspergillus fumigatus and Alter-
naria alternata fungi. Sagit et al. [31] investigated the
effect of antioxidants in NP patients and showed that
antioxidant therapy involving oral vitamins A,C,E and
selenium statistically significantly lowered MDA levels.

Although in our study a weak positive correlation was
found between SOD activity level and Lund-Mackay score,
Ono et al. observed an inverse correlation between Lund
Mackay score and SOD activity [32]. This might have
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resulted from that Ono et al. studied SOD isoforms indi-
vidually and classified polyps as eosinophilic and non-
eosinophilic.

Given the etiology of the disease and many effective
pathways, patients are likely to be grouped according to
some molecular markers and treatments to differ according
to these determined patient groups in the next years.
Considering that AOPP is an important marker showing
protein oxidation and more stable than other oxidation
products, it can be used in identification of patients with
prominent oxidative stress. If patient groups where oxida-
tive stress is more effective in the development of the
disease can be determined, antioxidant therapies such as
vitamins A, C, E, selenium and coenzyme Q10 can be
promising treatment methods in this regard.

The study’s main limitations include a small number of
patients in the control group, and lack of the repeat mea-
surements following medical and surgical treatments, and
not distinguishing the nasal polyp endotype through
eosinphil count.

Conclusion

In our study, we found that tissue AOPP level increased
and SOD activity level decreased in the polyps tissue.
These results suggest that AOPP can be used in the eval-
uation of oxidative stress induced protein damage in
patients with nasal polyposis.
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